Acute nicotine enhances multiple types of learning including trace fear conditioning but the underlying neural substrates of these effects are not well understood. Trace fear conditioning critically involves the medial prefrontal cortex and hippocampus, which both express nicotinic acetylcholine receptors (nAChRs). Therefore, nicotine could act in either or both areas to enhance trace fear conditioning. To identify the underlying neural areas and nAChR subtypes, we examined the effects of infusion of nicotine, or nicotinic antagonists dihydro-beta-erythroidine (DHbE: high-affinity nAChRs) or methyllycaconitine (MLA: low-affinity nAChRs) into the dorsal hippocampus, ventral hippocampus, and medial prefrontal cortex (mPFC) on trace and contextual fear conditioning. We found that the effects of nicotine on trace and contextual fear conditioning vary by brain region and nAChR subtype. The dorsal hippocampus was involved in the effects of nicotine on both trace and contextual fear conditioning but each task was sensitive to different doses of nicotine. Additionally, dorsal hippocampal infusion of the antagonist DHbE produced deficits in trace but not contextual fear conditioning. Nicotine infusion into the ventral hippocampus produced deficits in both trace and contextual fear conditioning. In the mPFC, nicotine enhanced trace but not contextual fear conditioning. Interestingly, infusion of the antagonists MLA or DHbE in the mPFC also enhanced trace fear conditioning. These findings suggest that nicotine acts on different substrates to enhance trace versus contextual fear conditioning, and that nicotine-induced desensitization of nAChRs in the mPFC may contribute to the effects of nicotine on trace fear conditioning.
Introduction
Nicotine enhances cognitive processes (Heishman, Kleykamp, & Singleton, 2010; Kenney & Gould, 2008a; Swan & Lessov-Schlaggar, 2007) and symptoms of diseases that are sensitive to changes in cognition, such as Alzheimer's disease, schizophrenia, and addiction, can be altered by nicotine administration (Buckingham, Jones, Brown, & Sattelle, 2009; Winterer, 2010; Woodruff-Pak & Gould, 2002) . For instance, the effects of nicotine on cognitive processes are thought to play an important role in both the development and maintenance of addiction (Gutkin, Dehaene, & Changeux, 2006; Kenney & Gould, 2008a; Patterson et al., 2009; Watkins, Koob, & Markou, 2000) . Initially, nicotine may enhance the formation of maladaptive drug-context associations and changes in cognition associated with abstinence may contribute to relapse (Brega, Grigsby, Kooken, Hamman, & Baxter, 2008; Gutkin et al., 2006; Patterson et al., 2010; Raybuck & Gould, 2009; Razani, Boone, Lesser, & Weiss, 2004) . We have found that nicotine alters contextual learning through hippocampus-mediated processes (Davis & Gould, 2009; Davis, Kenney, & Gould, 2007) ; however, it is unclear if the effects of nicotine on other types of learning are dependent on the same neural substrates. Nicotine can have diverse effects on different types of learning (Kenney & Gould, 2008a) ; this variability may be due to the involvement of different brain regions. One way to understand how nicotine affects learning is to identify the underlying brain regions involved in the effects of nicotine on different types of learning.
Trace fear conditioning is a contextual/spatial-independent form of forebrain-dependent learning (McEchron, Bouwmeester, Tseng, Weiss, & Disterhoft, 1998) that is sensitive to the effects of nicotine (Davis & Gould, 2007; Gould, Feiro, & Moore, 2004; Raybuck & Gould, 2009) . Specifically, trace fear conditioning involves the association of temporally discontiguous conditioned stimuli (CS) and unconditioned stimuli (US). Trace fear conditioning is enhanced by acute nicotine, unlike delay cued fear conditioning in which the CS and US coterminate (Gould et al., 2004) . This task depends upon multiple brain regions that are not critically involved in delay cued fear conditioning, such as the hippocampus and medial prefrontal cortex (Büchel, Dolan, Armony, & Friston, 1999; Knight, Cheng, Smith, Stein, & Helmstetter, 2004; McLaughlin, Skaggs, Churchwell, & 
